little degradation (21) . Biodegradable group D cell walls are eliminated from tissue (13) and from macrophages in vitro (21) or Buffalo rats (100 to 200 g) and cultured as previously described (21) . For these studies we use the term macrophage to mean a mononuclear, adherent, phagocytic cell. After 3 days in culture less than 1% of the adherent cells are lymphocytes. We do not presume that the cultures are purified macrophages.
Streptocccal cel wals. The following bacterial strains were used: group A, type 3, strain D58 streptococcus; group A-variant strain K43; group D strain F-24 streptococcus. Cell walls were prepared by disruption of intact bacteria in a Braun MSK cell homogenizer (B. Braun Instruments, San Francisco, Calif.) followed by differential centrifugation and treatment with ribonuclease and trypsin (13) . Peptidoglycan (mucopeptide) and C polysaccharide were obtained from cell wall fragments by formamide extraction (13) . Radioisotope-labeled group A and group D streptococcal cell walls were prepared as described (21) .
Toxicity of cell wall fragments. Viability of cultured macrophages or mouse L-cells exposed to streptococcal cell wall fragments was determined by trypan blue exclusion. Killing and/or lysis of cultured macrophages by cell wall fragments also was determined by using 5'Cr-labeled macrophages. Macrophages obtained from thioglycolate-stimulated Fischer 344 or 600 SMIALOWICZ AND SCHWAB Buffalo rats were cultured for 3 days and then labeled with sodium chromate, 50,Ci/2 ml of culture (specific activity, 300 mCi/mg of Cr; Amersham/Searle, Arlington Heights, D.). After incubation at 37°C for 3 h, unincorporated 51Cr was removed from macrophage cultures by extensive washing with medium 199. Streptococcal cell wall fragments were then added to cultures (2 ml), and the amount of 5"Cr released from macrophages after 12 h was determined. The 5'Cr released from macrophages in the presence of cell wall fragments was compared with that released spontaneously from control cultures or macrophages lysed with Triton X-100 and is expressed as the percent lysis.
The effect of streptococcal cell wall fragments on the growth of cultured mouse fibroblasts (L-cells) was investigated by counting cells in a model B Coulter Counter (Coulter Electronics, Inc., Hialeah, Fla.).
Mouse L-cells were cultured in medium 199 with 10% heat-inactivated horse serum and antibiotics. After seeding 2 (Table 1) . There was no significant difference in the spontaneous release of label from control macrophages compared to those exposed to cell wall fragments of group A, group A-variant, or group D streptococci.
The addition of several concentrations of different streptococcal cell wall materials to mouse fibroblast L-cell cultures did not affect the growth or viability of these cells (Table 2) . Nonadherent cells were not found in the supematant medium of any of the cultures examined. There was no significant decrease in the number of L-cells in cultures exposed to cell wall material compared to controls. These results (Fig. 1) . Of greater interest, macrophages from Fischer rats showed a marked cytotoxicity for target cells when activated by group A cell walls over this longer interval (Fig. 2) . This cytotoxic effect was not displayed by Buffalo Cytotoxicity of activated macrophages was also assessed microscopically by Giemsa staining of cover slip cultures of macrophages with L-cells (Fig. 3) (Fig. 3) .
DISCUSSION
Rat peritoneal macrophages that have phagocytized group A or group D cell walls in vitro become highly vacuolate, increase in size and protein content, and adhere more tenaciously to culture surfaces. Whereas macrophages containing group A cell walls retain these characteristics for several weeks in culture, macrophages that have phagocytized group D cell walls revert to a normal appearance after 2 to 3 days. The inability to degrade and eliminate group A cell walls (21) is related to the perpetuation of these changes in macrophages, which are similar to those described by others (1, 2, 7,  10, 11) .
The stimulation or "activation" of macrophages has been achieved by a variety of means. These include: intraperitoneal injection of purified protein derivative (8) , BCG (2), proteose peptone (10, 11) , glycogen, thioglycolate, and hydrolyzed starch (11, 22) ; chronic infection with BCG or toxoplasma (7) ; in vitro activation with double-stranded ribonucleic acid and endotoxin (1); and activation mediated through specifically sensitized lymphocytes (12, 15) . The stimulation of mononuclear phagocytes by different agents results in a wide array of responses indicative of an activated state. One criterion that has been extensively explored is the toxic effect that activated macrophages have on various target cells (1, 7, 8, 10, 11) . Destruction of these target cells can occur by non-immunological and nonphagocytic mechanisms that require direct contact between the activated macrophage and the target cell. Cell contact appears to be necessary for destruction of L-cells by macrophages containing persistent cell wall material. Giemsa-stained cultures reveal intimate contact between macrophages and L-cells, with no evidence of phagocytosis contributing to the destruction of target cells. Supernatants from cell wall-activated macrophage cultures do not contain any factors that inhibit the growth of mouse fibroblasts.
Less than 1% of the adhering cells after 3 days of culture are lymphocytes. Furthermore, the addition of nonadherent cells to the cultures does not significantly alter the results. We cannot, however, rule out some participation of lymphocytes in macrophage activation. Although peritoneal cells were obtained from nonimmunized rats, they had been naturally sensitized. This is indicated by a delayed-type hypersensitivity skin test elicited with group A streptococcal cell wall antigens in 20% of our normal rat colony.
We conclude that streptococcal cell wall material can exert a toxic effect through macrophages. Whereas the mechanism involved is not known, several possibilities exist. Lysosomal enzymes are selectively released by streptococcal cell wall-activated macrophages with no detectable loss of cell viability (4) . Gordon et al. (5) described the release of lysozyme from mouse and human monocytes in vitro. Unkeless et al. (22) reported the secretion of plasminogen activators from thioglycolate-stimulated mouse macrophages. Hibbs (7) has proposed that the 
